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Summary  Experiential  science  learning  based  on  the  in-built  sensors  of  handheld  devices  such
as smartphones,  tablet  computer  and  game  consoles  has  seen  quite  a  strong  development  in
recent years.  In  particular,  such  devices  with  internal  acceleration  sensors  offer  an  innovative
approach  to  kinematics  learning  in  classroom  physics,  a  notoriously  difﬁcult  topic  for  pupils.  In
view of  research  and  teaching  in  this  domain,  the  practical  advantages  and  disadvantages  of
two such  devices,  the  Nintendo  WiiMote  and  the  Apple  iPod  touch,  are  discussed.
Beyond  the  speciﬁc  examples,  this  comparison  of  the  advantages  and  disadvantages  of  two
different ‘‘philosophies’’  of  instructional  technology  with  regard  to  their  use  in  science  learningPlease  cite  this  article  in  press  as:  Hochberg,  K.,  
A  comparison  of  Nintendo  WiiMote  and  iPod  touch  for  
http://dx.doi.org/10.1016/j.pisc.2016.01.008
experiments  provides  arguments  for  discussions  and  decisions  related  to  such  technology  in
other and  future  settings,  which  can  be  of  interest  to  both  researchers  and  practitioners  in  the
ﬁeld.
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ntroduction
here  are  some  well-known  obstacles  to  the  proper  under-
tanding  of  the  subject  of  kinematics,  as  evidenced  by  three
ecades  of  intense  research  (McDermott,  1984;  Lederman
nd  Abell,  2014).  A  particularly  persistent  set  of  difﬁcultieset  al.,  Science  education  with  handheld  devices:
kinematics  learning.  Perspectives  in  Science  (2016),
s  related  to  a  proper  understanding  (and  differentiation)
f  position,  velocity  and  acceleration  as  well  as  to  relating
hese  concepts  to  real-world  processes  (Koleza  and  Pappas,
008;  Dilber  et  al.,  2009).  This  is  not  a  side  issue,  as
 open access article under the CC BY-NC-ND license
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inematics  is  the  essential  basis  for  understanding  the  entire
omain  of  mechanics  and,  in  turn,  provides  conceptual  and
athematical  foundations  for  all  other  areas  of  physics  (con-
epts  of  momentum,  energy,  conservation,  symmetry).
A  promising  answer  to  this  situation  has  been  the  use
f  various  forms  of  instructional  technology,  which  have
een  proposed  and  investigated  since  the  early  days  of
icrocomputers  (computer-based  motion  sensors:  Mokros
nd  Tinker  (1987),  Brasell  (1987);  combined  with  real-time
ideo  presentation:  Beichner,  1990).  Nowadays,  a  lot  of
odern  handheld  technical  devices  such  as  smartphones,
ames  console  controllers  and  the  like  are  equipped  with
cceleration  sensors.  These  sensors  were  originally  used  to
etermine  the  inclination  of  the  device  so  that  the  display
ould  be  adapted  to  it,  or  to  control  games.  Today,  there
re  free  apps  or  software  that  read  out  the  sensor  data.  As
heir  usage  is  not  complicated,  the  devices  provide  an  easy
nd  ﬂexible  way  of  measuring  accelerations  and,  through  an
ppropriate  analysis,  other  kinematic  quantities.  There  is  an
ncreasing  number  of  papers  about  how  to  conduct  exper-
ments  with  these  new  media  tools  in  different  topics  of
hysics  as  mechanics  (Kuhn  and  Vogt,  2012a;  Vogt  and  Kuhn,
012,  2013,  2014a;  Chevrier  et  al.,  2013;  Shakur  and  Sinatra,
013;  Monteiro  et  al.,  2014;  Hochberg  et  al.,  2014),  electro-
agnetism  (Silva,  2012;  Forinash  and  Wisman,  2012),  optics
Thomas  et  al.,  2013;  Kuhn  and  Vogt,  2012b;  Klein  et  al.,
014),  oscillations  (Castro-Palacio  et  al.,  2013;  Sans  et  al.,
013),  waves/acoustics  (Parolin  and  Pezzi,  2013;  Hirth  et  al.,
015;  Klein  et  al.,  2014;  Kuhn  and  Vogt,  2013a;  Kuhn  et  al.,
014b;  Schwarz  et  al.,  2013),  and  radioactivity  (Kuhn  et  al.,
014a;  Gröber  et  al.,  2014)  and  even  a  pilot  study  on  the
earning  effects  of  smartphones  in  acoustics  (Kuhn  and  Vogt,
015).  The  tools  most  often  used  in  mechanics  in  these  publi-
ations  are  smartphones,  which  can  be  replaced  without  any
ifﬁculty  by  the  Apple  iPod  touch  (overview  of  publications:
uhn,  2014)  and  the  Nintendo  WiiMote  (controller  of  the  Nin-
endo  Wii  games  console,  see  e.g.  Erickson  et  al.,  2013;
awam  and  Kouh,  2011;  Kouh  et  al.,  2013;  Krichenbauer
nd  Hopf,  2010;  Ochoa  et  al.,  2011;  Vannoni  and  Straulino,
007;  Wheeler,  2011).  On  the  one  hand  there  is  a  strong
ducational  rationale  for  improving  the  understanding  of
inematics  and  intense  development  activities  in  the  ﬁeld;
n  the  other  hand,  researchers  and  practitioners  have  not
et  compared  and  discussed  the  two  different  technologies
f  the  WiiMote  (game  console)  and  iPod  touch  (palmtop  com-
uter)  regarding  their  use  in  an  educational  setting.  The
resent  work  thus  is  about  how  the  two  technologies  differ
specially  regarding  measurement  precision,  handling  and
ossible  applications  in  school.  In  this  way,  educators  who
ant  to  implement  one  of  the  devices  can  base  their  choice
n  the  experience  described  here  with  an  awareness  of  the
isadvantages  and  advantages  of  the  chosen  device.  Deve-
opers  of  software,  on  the  other  hand,  might  get  an  idea
f  the  needs  and  requirements  of  teachers  which  are  not
et  met  by  the  current  systems.  We  have  already  pointed
ut  that  technical  progress  is  very  fast  in  the  area,  and
ome  features  of  the  devices  discussed  here  have  already
hanged  within  the  time  of  this  study  and  will  further  changePlease  cite  this  article  in  press  as:  Hochberg,  K.,  
A  comparison  of  Nintendo  WiiMote  and  iPod  touch  for  
http://dx.doi.org/10.1016/j.pisc.2016.01.008
n  the  future.  Yet  it  seems  useful  to  present  a  comparison
f  the  two  types  of  devices  (smartphone,  game  console),
s  the  underlying  principle  ideas  or  ‘‘philosophies’’  with
egard  to  their  possible  educational  uses  will  stay  the  same
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or  a  longer  time  than  the  technical  parameters  of  a  given
evice.
After  a  brief  overview  of  the  theoretical  motivation  for
sing  handheld  technical  devices  with  acceleration  sensors
n  classroom  physics  in  general,  we  will  turn  to  two  exper-
ments  that  can  be  conducted  with  both  devices.  On  this
asis,  we  can  then  conduct  a  detailed  comparison  of  the
evices  and  highlight  their  advantages  and  disadvantages.
heoretical basis
he  use  of  the  iPod  touch  or  WiiMote  as  an  experimental
ool  is  likely  to  support  student’s  understanding  of  science
or  three  reasons.  First,  the  framework  of  context-based  sci-
nce  education  (Bennett  et  al.,  2007)  suggests  that  working
ith  a  tool  with  a  strong  link  to  students’  everyday  lives
an  foster  motivation  and  learning  because  it  helps  them  to
ake  connections  to  devices  and  phenomena  from  real-life
ontexts  and  to  existing  knowledge  (Kuhn  and  Vogt,  2013b).
Second,  conceptual  change  theory  (Posner  et  al.,  1982),
ogether  with  the  above-mentioned  research  on  various
orms  of  instructional  technology  (Mokros  and  Tinker,  1987;
rasell,  1987;  Beichner,  1990) states  that  there  is  a  real-time
inkage  between  motor  or  visual  perception  and  abstract
oncepts  in  different  representation  formats  and,  there-
ore  also  indicates  that  the  application  of  the  iPod  touch
r  WiiMote  is  beneﬁcial  for  learning  kinematics.  The  devices
an  be  considered  as  a  technologically  advanced  means  of
ostering  conceptual  change  by  providing  immediate  feed-
ack  in  the  form  of  kinematic  data  on  one’s  own  movements,
eading  to  dissatisfaction  with  the  existing  concept  and  to
n  examination  of  the  new  concepts  as  intelligible,  plausible
nd  fruitful  alternative.
Third,  the  cognitive  theory  of  multimedia  learning
Mayer,  2005) states  that  students  beneﬁt  from  different
epresentations  of  the  same  learning  content.  According
o  this  theory,  learning  is  an  active  process  of  ﬁltering,
election,  organization  and  integration  of  information.  The
rocessing  of  information  can  take  place  in  two  sepa-
ate  channels:  the  auditory  and  visual  channels,  both  with
imited  capacity.  If  information  is  presented  in  both  auditory
nd  visual  form,  the  capacities  can  be  used  most  effec-
ively,  which  leads  to  deeper  learning.  The  iPod  touch  and
he  WiiMote  automatically  display  the  gathered  accelera-
ion  data  in  a  diagram  and  chart.  These  representations
re  additionally  supplemented  by  verbal  explanations  from
ork  sheets  or  from  interaction  between  students  during  an
xperiment.  In  contrast  to  traditional  experiments,  in  which
ifferent  forms  of  representation  can  only  be  developed
fterwards,  the  tools  featured  here  provide  these  repre-
entations  simultaneously  to  the  real  process.  According  to
xisting  research  (as  summarized  by  Mayer,  2005),  this  sup-
orts  the  processing  of  multiple  information  components  by
he  cognitive  system  and  the  generation  of  mental  models.
omparison of the iPod touch and the WiiMote
s educational technology deviceset  al.,  Science  education  with  handheld  devices:
kinematics  learning.  Perspectives  in  Science  (2016),
here  are  some  obvious  differences  between  the  iPod
ouch  and  the  WiiMote.  While  the  iPod  touch  is  completely
obile  and  does  not  need  any  other  equipment  to  display
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Science  education  with  handheld  devices  
acceleration  values,  the  WiiMote  needs  to  be  connected  to
a  PC  or  laptop,  as  was  the  case  for  motion  sensors  in  the  early
days  (Mokros  and  Tinker,  1987).  To  read  out  the  acceleration
data,  learners  can  use  the  app  ‘‘SPARKvue’’3 for  the  iPod
touch  and  the  software  ‘‘WiiMote  physics’’4 for  the  WiiMote.
In  both  cases,  the  app  or  software  is  free,  but  the  devices
themselves  differ  in  price.  The  WiiMote  costs  less  than  D
50,  the  iPod  touch  about  D  250.  Another  advantage  of  the
WiiMote  is  that  it  is  virtually  indestructible,  while  the  dis-
play  of  the  iPod  touch  can  break  if  handled  carelessly.  On  the
downside,  some  papers  report  problems  with  the  connec-
tion  of  the  WiiMote  to  a  computer  via  Bluetooth.  However,
using  the  ﬁrst  generation  of  WiiMotes  and  the  built-in  Blue-
tooth  dongle  of  our  Dell  laptop,  we  never  experienced  any
problems  (not  even  while  working  with  up  to  12  WiiMotes
on  different  laptops  at  the  same  time).  The  acceleration
data  gathered  by  the  WiiMote  can  be  saved  as  a  .csv-ﬁle
and  hence  easily  imported  to  a  spreadsheet  program  (like
Microsoft  Excel).  The  iPod  touch  can  also  store  data  as  a
.csv-ﬁle,  but  exporting  the  data  into  a  spreadsheet  program
using  wiﬁ,  USB  or  a  direct  connection  with  the  PC  is  more
complicated.
Despite  their  differences,  both  tools  can  be  used  for
exactly  the  same  experimental  setups.  In  the  following,  we
describe  two  (previously  published)  setups  to  compare  the
devices’  abilities  based  on  these  experiments.
Free fall
To  investigate  the  acceleration  of  an  object  during  free  fall,
students  attach  a  loop  of  string  to  the  WiiMote  or  iPod  touch
and  hang  it  on  a  stand  (Fig.  1a).  Then  they  determine  the  dis-
tance  from  the  lower  end  of  the  tool  to  the  upper  end  of  the
cushion  on  which  it  will  land.  The  acceleration  measurement
is  started  by  burning  the  string  (instead  of  just  cutting  it);
in  this  way,  the  device  is  not  given  any  additional  impulse.
Using  the  WiiMote,  students  can  track  the  acceleration  in
real  time  as  it  is  displayed  on  the  computer  screen  while
the  controller  is  falling.  Although  the  iPod  touch  also  dis-
plays  the  data  in  real  time,  students  cannot  view  the  data
because  the  display  is  moving  in  free  fall.
The  acceleration-time  diagrams  of  both  devices  show
no  acceleration  (0  m/s2)  during  free  fall  (Fig.  1b  and  1c).
The  reason  for  this  is  that  the  acceleration  sensor  can  only
measure  accelerations  corresponding  to  the  co-moving  ref-
erence  system  of  the  device.  This  difﬁculty  in  interpreting
the  acceleration  sensor  data  and  a  way  of  dealing  with  it
in  the  classroom  has  been  described  before  (Watzka  et  al.,
2012;  Vogt  and  Kuhn,  2014b);  therefore,  we  will  not  dis-
cuss  it  further  here.  Furthermore,  in  some  apps  for  the  iPod
touch,  the  acceleration  can  be  set  to  zero  when  the  device
is  at  rest.  After  the  impact  on  the  cushion  (ﬁrst  peak  of  the
graph  in  Fig.  1b  and  c),  the  device  bounces  back  once  or  mul-
tiple  times,  creating  a  number  of  additional  impact  peaks.Please  cite  this  article  in  press  as:  Hochberg,  K.,  
A  comparison  of  Nintendo  WiiMote  and  iPod  touch  for  
http://dx.doi.org/10.1016/j.pisc.2016.01.008
Using  the  diagram  or  the  chart  generated  by  the  WiiMote  or
iPod  touch,  students  can  read  out  the  start  and  end  time  of
the  free  fall  and  thus  determine  the  falling  time.  With  the
3 https://itunes.apple.com/de/app/sparkvue/id361907181.
4 https://wiimotephysics.codeplex.com/.
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ree  fall  distance  determined  before,  they  can  calculate  the
ravitational  acceleration  using  the  formula
 =
√
2s/t2 (1)
nd  compare  it  with  the  known  value  of  g  =  9.81  m/s2.
Multiple  measurements  with  the  WiiMote  yielded  a  gravi-
ational  acceleration  value  of  g  =  9.52  ±  0.67  m/s2,  with  the
Pod  g  =  10.86  ±  0.39  m/s2.  Hence,  both  devices  are  appro-
riate  for  classroom  physics  regarding  the  precision  of
easurement.  Although  the  value  of  the  gravitational  accel-
ration  is  less  exact,  the  measurement  of  the  acceleration
ata  by  the  iPod  touch  is  more  accurate.  The  smallest  differ-
nce  that  can  be  detected  is  0.01  m/s2,  while  the  WiiMote
an  only  measure  accelerations  bigger  than  0.4  m/s2.  The
eason  why  the  WiiMote’s  average  is  closer  to  the  real
alue  of  the  constant  is  that  the  controller  is  more  accu-
ate  regarding  time  measurement.  Acceleration  sensors  in
eneral  do  not  produce  one  data  point  exactly  every  0.01  s,
ut  in  statistically  scattered  time  intervals  with  an  average
f  100  Hz.  The  app  SPARKvue  of  the  iPod  touch  rounds  off
hese  time  values,  with  a  rounding  error  of  only  t  =  0.005  s,
eading  to  an  error  in  g  of  g  >  0.15  m/s2 depending  on  the
ree-fall  distance.
adial acceleration
s  a  second  experiment,  students  attach  the  iPod  touch  or
he  WiiMote  to  a  disc  that  can  be  spun  by  a motor  (Fig.  2a).
hey  measure  one  period  of  the  rotation  of  the  disc  with  a
topwatch  and  read  the  radial  acceleration  off  the  diagram
Fig.  2b  and  c).
Multiple  measurements  with  different  rotational  speeds
llow  them  to  conﬁrm  the  quadratic  dependence  of  the
adial  acceleration  of  the  angular  velocity  given  by  the  for-
ula
 =  rω2 =  r 2
T
(2)
nd  to  determine  the  radius.  The  WiiMote’s  measure-
ent  yielded  a  radius  of  r  =  0.157  ±  0.002  m,  the  iPod’s  of
 =  0.099  ±  0.001  m,  which  are  reasonably  close  to  the  actual
alues  of  r  =  0.150  m  for  the  WiiMote  and  r  =  0.093  m  for  the
Pod  touch  (determined  with  a tape  measure).
As  in  the  free-fall  experiment  described  above,  the  real-
ime  display  of  the  acceleration  data  is  not  accessible  on
he  iPod  touch  during  the  experiment,  because  the  device
s  moving  too  fast.  Also,  the  measurement  of  the  iPod  touch
s  more  accurate  again  as  it  detects  accelerations  as  small
s  0.01  m/s2,  which  explains  why  the  determined  radius  is
loser  to  the  control  value  than  the  WiiMote’s  measurement.
n  contrast  to  the  free-fall  experiment,  rounding  of  the  time
alues  does  not  lead  to  any  errors  here,  because  the  average
f  radial  acceleration  is  determined  by  the  diagram.
An  advantage  of  the  WiiMote  can  be  exploited  if  the
xperimental  setup  is  expanded  to  multiple  devices.  Attach-
ng  an  additional  iPod  touch  or  WiiMote  at  different  distances
o  the  centre  of  the  disc  allows  a  simultaneous  analysiset  al.,  Science  education  with  handheld  devices:
kinematics  learning.  Perspectives  in  Science  (2016),
f  the  dependence  of  radial  acceleration  on  the  radius.
sing  the  iPod  touch,  each  device’s  measurement  has  to  be
tarted  individually,  so  the  zero  points  on  the  time  scales  are
ot  the  same.  The  software  WiiMote  Physics,  on  the  other
ARTICLE IN PRESS+ModelPISC-143; No. of Pages 6
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Figure  1  Free  fall  experiment:  (a)  experimental  setup,  (b)  acceleration  over  time  measured  by  iPod  touch,  (c)  acceleration  over
time measured  by  WiiMote.
Figure  2  Radial  acceleration:  (a)  experimental  setup,  (b)  determination  of  the  radius  with  iPod  and  WiiMote.
Table  1  Summary  of  feature  comparison  WiiMote  vs  iPod  touch.
WiiMote  iPod  touch
General  features
Price  of  device  <D  50  (plus  price  for  computer)  ≈D  250
Price of  software/app  free  free
Mobility low  (computer  always  needed)  high  (only  device  needed)
Robustness high  medium
Possible educational  applications  besides
use as  experimental  tool
none  research,  feedback,  communication,
etc.
Measurement  features
Precision  ≈0.4  m/s2 0.01  m/s2
Measurement  range  ±5  g  ±8  g
Real-time  visibility  of  display  always  visible  not  always  visible
Multiple devices  connectable  yes  no
Sensors acceleration  sensor,  IR  camera  (motion
sensor  or  object  tracker)
acceleration  sensor,  microphone,  CMOS
camera  and  possibility  to  connect
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pand,  makes  it  possible  to  connect  up  to  eight  WiiMotes  at
he  same  time,  whose  measurements  are  all  simultaneously
tarted  and  displayed  on  the  computer  screen.  Furthermore,
he  infra-red  camera  of  the  WiiMote  can  be  used  to  deter-
ine  the  angular  velocity  if  an  infra-red  LED  is  placed  next  to
he  disc,  replacing  the  more  inaccurate  measurement  with
he  stopwatch.
iscussion
he  examples  show  that  both  the  WiiMote  and  iPod  arePlease  cite  this  article  in  press  as:  Hochberg,  K.,  
A  comparison  of  Nintendo  WiiMote  and  iPod  touch  for  
http://dx.doi.org/10.1016/j.pisc.2016.01.008
seful  additions  to  the  traditional  experimental  devices
or  classroom  physics.  Table  1  summarizes  the  technical
eatures  of  both  devices  with  respect  to  practical  and  edu-
ational  issues.
t
s
a
aexternal  sensors
One  cannot  make  a  statement  on  which  device  is  gener-
lly  more  appropriate  for  kinematics  experiments.  The  iPod
ouch  is  more  precise  in  measuring  acceleration  data  than
he  WiiMote.  The  latter  is  cheaper  and  more  robust,  but
an  only  be  used  for  mechanics,  while  the  iPod  touch  is  also
seful  for  other  topics  of  physics  because  of  its  multitude  of
nternal  and  external  sensors.  In  addition  to  that,  in  addi-
ion  to  its  use  for  educational  purposes  as  an  experimental
ool,  the  iPod  touch  can  also  be  used  for  research,  polls,
ommunication  and  the  like.
Besides  price  and  robustness,  there  are  some  further
ractical  aspects  that  should  be  considered  when  comparinget  al.,  Science  education  with  handheld  devices:
kinematics  learning.  Perspectives  in  Science  (2016),
he  two  devices.  Contrary  to  WiiMotes,  iPods  do  not  neces-
arily  have  to  be  provided  by  the  school.  As  stated  before,
s  an  experimental  tool,  the  iPod  touch  and  smartphone
re  mostly  interchangeable.  Many  students  nowadays  have
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smartphones  in  their  pocket  and  hence  can  start  to  experi-
ment  with  them  right  away.  This  ‘‘bring-your-own-device’’
approach  can  save  money,  but  technical  problems  and  social
conﬂicts  due  to  jealousy  between  students  are  possible  if  not
every  student  is  using  the  same  kind  of  device.  Furthermore,
smartphones  and  iPod  touches  offer  a  lot  of  possible  distrac-
tions,  while  the  WiiMote  forces  students  to  concentrate  on
what  they  are  supposed  to  be  doing  as  it  provides  less  func-
tions.  Another  point  that  has  to  be  considered  is  the  fact
that  technical  progress  is  happening  rather  fast.  We  cannot
guarantee  that  the  WiiMote  can  be  connected  to  a com-
puter  without  any  problems,  especially  if  later-generation
WiiMotes  or  different  Bluetooth  dongles  are  used.  Updates
are  available  constantly  for  the  iPod  touch,  smartphones
and  their  apps  as  well  as  technical  support,  so  that  it  is
highly  unlikely  that  measuring  acceleration  with  them  is  not
possible.
Regarding  the  theoretical  basis  of  using  the  devices,  the
iPod  touch  and  WiiMote  have  different  strengths  and  weak-
nesses  with  regard  to  learning.  The  iPod  touch  can  be  used
easily  outside  of  the  classroom.  It  is  hence  easy  to  use  the
device  to  investigate  authentic  problems  of  students’  every-
day  lives.  According  to  the  framework  of  context-based
science  education,  this  promotes  motivation  more  effec-
tively  than  using  an  everyday  device  such  as  the  WiiMote
in  conventional  experiments.  On  the  other  hand,  because  of
its  connection  to  a  laptop  or  computer,  the  graphs  produced
by  the  WiiMote  are  always  visible,  while  the  graphs  on  the
iPod  touch  are  hard  to  observe  when  the  device  is  in  motion.
The  WiiMote,  because  of  the  more  direct  feedback,  hence
promotes  conceptual  change  more  effectively.
In  sum,  the  WiiMote  and  iPod  touch  both  have  speciﬁc
advantages  and  disadvantages  as  educational  technology
tools,  and  we  hope  that  this  brief  overview  facilitates
decision-making  for  a  speciﬁc  research  or  teaching  situation.
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